RADC-TDR-64-273 
Final  Report 


COPY  — OF 


HARD  COPY 
MSCROriCHE 


$.dSb 


AN  EXPERIMENTAL  STUDY  OF  THE  CATARACTOGENIC 
EFFECTS  OF  MICROWAVE  RADIATION 


TECHNICAL  DOCUMENTARY  REPORT  NO.  RADC-TDR«64-273 

October  1964 


Display  Techniques  Branch 

Ibme  AJr  Development  Center 
Research  and  Technology  Division 
Air  Force  Systems  Command 
Griffiss  Air  Force  Base,  New  Yoi4c 


Project  No.  5545  ,  To*  No.  554502 


DDC 

rapna/iEj 

DEC  1 0  1964 


Ibl^lbU  U"T5 
ddc-ira  c 


(Prepared  under  Contract  No.  AF  30(602)-3087  by  the  Zeret  Foundation, 
Inc.,  Scarsdale,  N.Y.  with  the  cooperation  of  Department  of  Ophthalmology, 
New  York  University  School  of  Medicine,  New  York,  N.Y.  and  Electro¬ 
physics  Department,  Polytechnic  Institute  of  Brooklyn,  Farmingdale,  N.Y.) 


When  US  Government  drawings,  specifications,  or  other  dstn  .ce  used  for  sny  purpose  other 
than  s  definitely  related  government  procurement  operation,  the  government  tb'  reby  incurs 
no  responsibility  nor  any  obligation  whatsoever;  and  the  fact  that  the  government  may  have 
formulated,  furnished,  or  in  any  way  supplied  the  said  drawings,  specifications,  or  other 
data  is  not  to  be  regarded  by  implication  or  otherwise,  as  in  any  manner  licensing  the  holder 
or  any  oche;  person  or  corporation,  or  conveying  any  rights  or  permission  to  manufacture,  use, 
or  seii  any  patented  invention  that  may  in  any  way  be  related  thereto. 


Qualified  requesters  may  obtain  copies  from  Defense  Documentation  Center. 


Defense  Documentation  Center  release  to  Office  of  Technical  Services  is  authorized. 


All  experiments  described  in  this  report  involving  animal  subjects  were 
conducted  according  to  the  "Rules  Regarding  Animal  Care,"  established 
by  the  American  Medical  Association. 


Do  not  return  this  copy.  Retain  or  destroy. 


FOREWORD 


The  investigation  reported  herein  was  undertaken  in  May,  I965,  unde; 
contract  AI'30(602) -3087  with  the  Rome  Air  Development  Center,  Air  Force 
Systems  Consnand,  United  States  Air  Force,  Griffiss  Air  Force  Base,  New 
York. 


The  primary  interest  of  the  U.  S.  Air  Force  with  respect  to  this 
contract  was  to  determine  a  method  for  investigating  the  cataractogenic 
effect  of  microwave  radiation  in  order  to  provide  optimum  safety  from  th 
hazard  for  military  personnel  without  \jnnecessarily  restricting  the  oper; 
tional  capability  of  the  microwave  generating  equipments. 

The  first  phase  of  this  study  has  been  concluded.  What  remains  to 
done  is  to  apply  the  methodology  developed  in  this  study  on  a  broad  base 
in  order  to  define  the  jiarameter  of  hazard  in  relationship  to  the  oper-"  t 
ing  characteristics  of  military  equipments  currently  in  use  and  contem¬ 
plated  for  the  near  futxire. 

This  research  program  has  been  conducted  under  the  general  super¬ 
vision  of  Milton  M.  Zaret,  M.  D.,  Principal  Investigator.  Associate'’*  wt 
him  for  various  phases  of  this  work  were  Mr.  Gerard  M.  Grosof,  Dr.  Herb-, 
Schmidt,  Mr.  Harold  S.  Lappin,  and  Mrs.  Claire  Davis  2Laret.  In  additioi 
acknowledgement  is  gratefully  made  to  Professor  Goodwin  Breinin,  Head  o* 
the  Department  of  Ophthalmology,  New  York  University  School  of  Medicine 
and  Professor  Saul  Rosenthal,  Head  of  the  Electrophysics  Department,  Poi 
technic  Institute  of  Brooklyn  for  their  own  efforts  as  well  as  the  staff 
support  received  from  their  departments.  In  addition,  credit  for  the 
material  presented  in  SECTION  III  MICROWAVE  FACTORS  belongs  to  Professo- 
Rosenthal. 


ABSTRACT 


An  exploratory  investigation  was  perfonned  to  determine  the  applica¬ 
bility  of  spectrophotooetric  analysis  to  the  measurement  of  cataract 
genfc^is.  It  was  found  that  standard  spectrophotoroetric  techniques  cannot 
be  utilized  for  this  purpose  but  that  a  new  method  for  performing  spectro¬ 
photometry  in  the  living  eye,  which  is  known  as  retinal  reflection  densi¬ 
tometry,  shows  promise  of  being  capable  of  performing  this  task. 

A  methodology  is  presented  for  an  applied  research  investigation  of 
cataractogenesis  in  order  to  delineate  the  parameters  of  personnel  hazard 
associated  with  microwave  environments.  The  biological  and  microwave 
experimental  protocols  as  well  as  the  relationship  of  laboratory  induced 
cataractogenesis  to  the  clinical  studj  of  human  microwave  cataracts  are 
discussed. 
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miilATIQN 


The  principal  objective  of  the  RADC  Microwave  Hazarda 
Progroa  is  to  establish  and  validate  a  safe  and  practical 
liait  for  personnel  exposure  to  microwave  radiation*  Since 
it  is  generally  acknowledged  that  the  crystalline  lens  is 
the  human  structure  most  susceptible  to  microwave  induced 
thermal  injuries,  it  is  essential  that  the  response  patterns 
of  lenticular  tissue  be  characterized  over  a  broad  range  of 
frequencies  and  intensities. 

An  outstanding  problem  encountered  in  the  study  of 
optical  changes  is  the  lack  of  standard  methods  for  describing 
objectively  the  extent  of  opacity  development.  Currently,  the 
assessment  of  radiation  effects  on  the  lens  system  is  accom¬ 
plished  by  slit  lamp  examination,  and  ophthalmological  measures 
are  based  on  subjective  estimates  which  vary  widely  with  respect 
to  the  identification  and  specification  of  cellular  damage. 
Recognizing  the  need  for  objective  measurement  and  firm  criteria, 
this  study  was  undertaken  to  determine  the  feasibility  of  apply¬ 
ing  spectrophotometric  techniques  to  the  problem  of  detecting 
and  quantifying  small  changes  in  lens  tissue  transparency. 

The  significance  of  this  study  is  contained  principally 
in  the  demonstration  that  standard  spectrophotometric  tech¬ 
niques  are  not  directly  suited  to  the  novel  application  of 
lens  damage  assessment.  Concomitantly,  however,  it  is  strongly 
suggested  that  a  recent  development  in  spectrophotometric 
dosimetry  termed  "the  retinal  reflection  technique"  will  per¬ 
form  exactly  the  measurement  function  we  envision.  Moreover, 
it  has  been  shown  that  this  instrumentation  is  amenable  to 
coupling  with  existing  photographic  techniques  so  that  opthal- 
mological  findings  may  be  documented  immediately. 

The  accomplishment  of  this  exploratory  study  concludes 
all  work  programmed  under  Task  554502,  "Studies  of  Microwave 
Induced  Lenticular  Opacities."  No  follow-on  research  is 
planned  since  all  remaining  funds  have  been  assigned  to  a 
higher  priority  biomedical  problem.  The  final  investigation 
will  be  completed  during  September  1966  at  which  time  the 
RADC  Microwave  Hazards  Program  will  bo  terminated. 


WILLIAM 

Project  lingineer 
Rome  Air  Develo{k>Wt  Center 
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INTRODUCTION 

This  investigatl-ou  comprised  an  exploratory  probe 
which  was  undertaken  in  cooperation  with  the  Department 
of  Ophthalmology,  New  York  University  School  of  Medicine 
and  the  Electrophysics  Department,  Polytechnic  Institute 
of  Brooklyn. 

The  experimental  studies  were  oriented  towards 
making  quantitative  determinations  of  the  cataraotogenlc 
effects  of  microwave  energy.  The  study  Included,  but 
was  not  limited  to,  the  following  research  tasks: 

a.  Development  of  a  spectro-photometric  tech¬ 
nique  to  provide  standardized  measurements  of  the  degree 
of  cataract  formation  in  the  eyes  of  laboratory  animals. 

b.  Development  of  a  photographic  technique  to 
document  the  spectro-photometric  findings. 

c.  Adapt  the  photographic  technique  to  the  human 
eye  so  that  biological  assay  of  the  animal  eye  may  be 
related  to  man. 

The  eyes  of  laboratory  animals  were  exposed  to  con¬ 
trolled  radiation  fields  in  order  to  produce  cataracts  and 
the  isolated  and  combined  influences  of  such  microwave 
narameters  as  power  density,  frequency  and  wave  form 
characteristics  including  cw  operation  were  studied. 

Human  microwave  cataract  data  was  obtained  and  compared  to 
the  experimental  findings. 

Analysis  of  the  results  of  this  Investigation  indi¬ 
cates  that  a  scientifically  valid  basis  can  be  established 
for  evaluating  the  human  cataraotogenlc  potential  of  any 
given  microwave  environment.  This  can  be  accomplished 
only  by  properly  segregating  and  evaluating  each  of  the 
varying  factors  to  be  considered  and  by  properly  designing 
an  experimental  protocol  so  as  to  Investigate  each  of 
these  factors  in  a  methodical  manner. 

This  study  demonstrated  not  only  that  it  is  feasible 
to  define  the  parameters  of  microwave  cataractogenesis 
but  also  that  a  pre-requisite  for  such  an  undertaking  is 
the  establishment  of  a  Joint  Interdlsclprinary  approach. 

It  is  essential  for  the  microwave  physicist  to  have  a 
complete  and  flexlb.'  e  equipment  capability  in  order  to 
properly  support  thr  ophthalmic  investigators. 
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II 


CATARACr  FACTORS 

The  lens  of  the  eye  is  a  transparent,  biconvex  tissue, 
enclosed  in  a  thin,  transparent  capsule.  The  lens  capsule  Is 
a  relatively  homogeneous  and  structv^reless  elastic  taembrane. 
Ordinarily,  this  membrane  cannot  be  identified  by  ophthalmic 
examination  but  it  becomes  visible  in  some  people  employed  in 
environments  of  excessive  infra-red  radiation  and  as  such  is 
recognized  as  the  earliest  finding  of  thermal  injury  to  the 
lens. 


The  lens  substance  Itself  is  composed  of  cells;  naiaely, 
epithelial  cells  and  lens  fibres.  Epithelial  cells  at  the 
equator  of  the  lens  undergo  metaplasia  and  hyperplasia  to  form 
enlarged  lens  fibres.  As  new  fibres  are  formed,  tjie  elongated 
ends  extend  towards  the  anterior  and  posterior  poles  of  the 
lens  exteriorly  to  the  older  fibres  which  are  compressed 
centrally  by  this  process  and  with  time  the  older  fibres 
become  sclerosed.  The  central  zone  of  the  lens  (the  nucleus) 
can  be  distinguished  from  the  peripheral  zone  (the  cortex) 
by  examination  with  a  slit-lamp;  however,  the  individual  cells 
of  the  lens  cannot  be  identified  by  this  means. 

The  lens  substance  is  normally  In  a  state  of  optical 
transparency.  Any  loss  in  transparency  whether  localized  to 
a  given  region  of  the  lens  or  generalized  throughout  the 
substance  of  the  lens,  is  termed  opacification.  Opacification 
can  be  present  without  a  measurable  loss  of  visual  acuity. 
However,  whenever  opacification  interferes  with  visual  capa¬ 
bility,  this  is  termed  cataract. 

The  process  of  cataract  formation  proceeds  in  two  stages. 
Initially,  the  lens  Imbibes  fluid  and  thus  becomes  edematous 
(hydrated)  which  results  in  a  swollen  (intumescent)  physical 
state.  In  the  second  stage,  after  hydration  has  been  present 
for  a  period  of  time,  the  protein,  molecules  of  the  lens  under¬ 
go  chemical  change  (coagulation).  The  process  of  hydration 
is  reversible  whereas  the  process  of  coagulation  is  irrever¬ 
sible.  F'zrthermore,  coagulation  does  not  take  place  except 
in  the  pir-(cenc<j  of  hydration, 

A  tecluMque  was  developed  whereby  the  lens  within  its 
intact  capsule  was  excised  from  t,he  laboratory  animal  eye  amd 
placed  in  a  physiological  solution  resembling  intra-ocular 
fluid.  Providing  the  capsule  retained  Its  Integrity,  it 
was  possible  tc  maintain  such  a  lens  in  a  transparent  state 
for  the  duration  of  the  laboratory  day  at  room  temperature. 
Heating  the  solution  containing  the  lens  resulted  In  the 
production  of  cataractous  changes  within  the  lens  substance. 
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By  heating  the  lens  in  a  non-agitated  physiological  so¬ 
lution  (average  temperature  of  approximately  50“  Centigrade) 
for  a  few  minutes  a  temperature  gradient  could  he  produced 
across  the  lens.  This  was  accomplished  oy  positioning  the 
lens  so  that  its  posterior  surface  was  close  to  the  thermal 
source  and  its  anterior  surface  was  away  from  the  thermal 
source.  Under  these  conditions,  a  partial  cataract  was  pro¬ 
duced  in  the  posterior  portion  of  the  lens  without  producing 
any  discernable  change  in  the  anterior  portion.  ITo  attempt 
was  made  to  aetermlne  the  threshold  temperature  at  which 
this  phenomenon  would  take  place.  Instead,  only  the  tempera¬ 
ture  gradient  principle  was  tested  because  it  has  been  assumed 
that,  if  an  intact  eye  was  heated  uniformly,  a  temperature 
gradient  would  be  induced  across  the  lens. 

By  heating  a  lens  in  a  solution  uniformly  maintained  at 
a  constant  temperature  the  results  will  vary  according  to  the 
temperature  level  maintained  and  the  time-duration  of  the  ex¬ 
posure.  rfhen  heated  above  60“  C  for  a  number  of  minutes,  all 
lenses  become  cataractous.  At  50“  C,  opacification  was  noted 
to  begin  after  35  minutes  of  exposure  and  a  comulete  cataract 
was  formed  after  65  minutes  of  exposure.  At  45^  0,  opacifi¬ 
cation  began  at  the  periphery  of  the  lens  after  45  minutes  of 
exposure  but  it  was  not  complete  even  after  5  hours  of  ex¬ 
posure  at  which  time  the  experiment  was  terminated. 

Experimentation  with  the  early  stages  of  thermally  induced 
lens  injury  revealed  that,  in  the  earliest  stages,  a  diffuse 
faint  opacification  occurred  peripherally,  immediately  adja¬ 
cent  to  the  surrounding  capsule.  Concomitantly,  the  entire 
lens  swells  so  that  it  becomes  intumescent.  At  this  stage 
of  cataractogenesis  (hydration)  the  opacification  is  reversi¬ 
ble  in  that  the  lens  becomes  transparent  when  pressure  is 
applied  to  its  capsule,  a  process  which  forces  the  excess 
fluid  out  of  the  lens.  However,  after  the  diffuse  faint  opaci¬ 
fication  was  present  for  several  hours,  pressure  applied  to 
the  capsule  could  no  longer  make  the  lens  tra<^sparent ,  but, 
Instead,  the  process  of  opacification  had  become  irreversible 
(coagulation) . 

These  in  vitro  experiments  of  thermally  Induced  cataracto¬ 
genesis  were  undertaken  in  association  with  a  study  (1)  to 
determine  the  feasibility  of  applying  spectrophotometrlc 
examination  techniques  in  order  to  pr.vlde  a  measurement  of  the 
degree  of  cataract  formation,  (2)  to  develop  a  photographic 
technique  to  document  the  spectrophotometrlc  findings  and  (3) 
to  adapt  the  photographic  technique  to  the  human  eye  so  that 
biological  pssay  of  the  animal  eye  may  be  related  to  man. 

In  order  to  perform  spectrophotometrlc  analysis  of  the 
in  vitro  animal  lens,  a  special  animal  lens  holder  was  re¬ 
quired  not  only  to  position  the  lens  properly  in  the  path  of 
the  spectral  beams  but  also  to  flatten  the  anterior  and 
posterior  convex  surfaces  of  the  lens  so  as  to  make  these 


3 


surfaces  aplanatic.  This  latter  procedure,  however,  compresses 
the  lens  surfaces  and  the  resultant  pressure  induces  a  forced 
dehydration  of  the  lens.  Under  this  circumstance,  the  process 
of  cataraetogenesis  cannot  proceed  in  a  normal  manner.  There¬ 
fore,  it  was  found  that  ordinary  methods  for  performing  spectro¬ 
photometry  cannot  be  applied  to  the  measurement  of  cataracto- 
genesis. 

Fortunately,  however,  Dr.  Robert  1.  ¥eale  of  the  Institute 
of  Ophthalmology,  London,  England  has  developed  a  new  appai'atus 
for  performing  in  vivo  as  well  as  in  vitro  spectrophotometry 
of  the  eye.  His  instrumentation  is  unique  as  it  passes  spec¬ 
trally  pure  monochromatic  beams  of  light  (covering  the  spectral 
distribution  for  light)  of  known  intensity  into  the  eye  and 
photometric,  lly  measures  the  light  returning  out  of  the^e,  the 
emergent  light  having  been  reflected  from  the  retina.  Further¬ 
more,  he  has  designed  and  incorporated  an  associated  optical 
train  which  obviates  the  need  to  interfere  with  the  ocular  optics 
so  that  it  is  not  necessary  to  make  the  animal  lens  aplanatic. 
This  new  technique  is  known  as  retinal  reflection  densitometry. 
Dr.  Weals'/  discovered  that  should  early  stages  of  edema  and 
coagulation  take  place  in  the  intervening  transparent  ocular 
tissues,  then  his  spectrophotometric  readings  behaved  as  if 
a  filter  had  been  placed  in  the  optical  path  and  he  termed  this 
the  "grey  filter  effect".  This  grey  filter  effect  is  precisely 
the  type  of  biological  reaction  that  it  is  desired  to  measure 
in  the  lens.  Its  measurement  would  be  an  extremely  sensitive 
indicator  of  lenticular  injury. 

Thus,  the  state-of-the-art  studies  of  reflection  densitome¬ 
try  show  promise  that  this  spectrophotometric  technique  can  be 
adapted  to  the  study  of  cataraetogenesis  in  the  living  eye, 
human  as  well  as  laboratory  animal.  Because  of  this  as  well  as 
the  emerging  importance  of  retinal  reflection  densitometry  as 
an  investigative  instrument,  our  laboratory  has  begun  fabrica¬ 
ting  an  Improved  model  of  Dr.  Weale's  prototype  reflection  den¬ 
sitometry  apparatus. 

As  this  type  of  examination  can  be  correlated  to  specific 
ocular  tissues  by  means  of  the  Zeiss  Retinal  Camera,  we  proceeded 
to  develop  a  method  of  utilizing  this  Instrument  to  measure  the 
degree  of  cataract  formation  in  the  in  vitro  lens.  This  partic¬ 
ular  camera  can  also  be  operated  so  as  to  photograph  the  in 
vivo  lens  within  either  the  animal  or  human  eye.  Therefore,  by 
developing  a  photographic  technique  to  measure  the  degree  of 
cataractous  change  as  related  to  a  loss  of  image  resolution  cap¬ 
ability  in  the  in  vitro  preparation,  comparison  of  the  in  vivo 

-/ti,.!. Weale; An  Early  Stage  in  the  Pathology  of  Photocoagulation, - 
Am.  J.  Ophthal.  W;6fl5(1962) 
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photographs  to  the  in  vitro  photographs  would  permit  a  measure¬ 
ment  of  visual  loss.  This  was  accomplished  by  photographing 
the  lens  against  a  graph  paper  backing. 

A  series  of  such  photographs  was  taken  utilizing  lenses 
which  demonstrate  various  stages  of  opacification.  V/hen  the 
lens  is  transparent,  the  graph  paper  forms  a  sharp  image  on 
the  photographic  film.  When  the  lens  iias  an  early  stage  of 
cataract  formation,  there  is  partial  interference  with  the 
image  formation  and  the  graph  paper  appears  to  be  out  of  focus 
and  seen  as  if  viewed  through  a  mist,  vrhen  the  lens  has  an 
intermediate  stage  of  cataract  formation,  very  little  of  the 
graph  paper  pattern  can  be  recognized.  Vfhen  the  lens  has  a 
fully  developed  cataract,  it  is  completeljr  opaque  and  no 
image  is  transmitted. 

Concomitantly  with  the  development  of  a  spectro-photo- 
metric  technique  (Retinal  Reflection  Densitometry  apparatus) 
and  a  photographic  technique  (adapted  Zeiss  Retinal  Camera) 
to  measure  the  degree  of  cataract  formation,  to  document  the 
finding  and  to  relate  it  to  findings  in  the  animal  or  human 
eye  in  a  living  state,  exploratory  microwave  exposure  experi¬ 
ments  vrere  undertaken. 
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MICROWAVE  FACTORS 

The  Polytechnic  Institute  of  Brooklyn,  through  its 
Electrophysics  Department  and  at  its  Long  Island  Graduate 
Center  in  Parmingdale  provided  the  controlled  microwave 
environments  utilized  in  this  investigation.  The  work  repre¬ 
sented  an  introductory  effort  designed  to  be  expanded  later 
into  a  considerably  more  Intensive  program.  On  the  basis  of 
the  Infonnation  and  experience  obtained  from  this  pilot  study, 
it  was  hoped  that  it  would  be  possible  to  determine  the 
long  range  requirements  of  the  microwave  facility  as  well  as 
the  problems  associated  with  the  particular  techniques 
needed  for  precise  measurements. 

The  goals  of  the  project  were  relatively  limited.  They 
were:  first,  to  establish  microwave  techniques  for  irradiating 
rabbit  eyes  with  known  amounts  of  power;  and,  second,  to 
provide  actual  acute  exposures  of  rabbit  eyes  to  levels  of 
radiation  that  would  Induce  cataractogenesis.  Precise  know¬ 
ledge  of  the  field  characteristics  was  essential  and  it  was 
requisite  that  great  flexibility  be  permitted  in  altering  the 
emission  characteristics  of  the  microwave  generating  equip¬ 
ment. 


Frequencies  near  5500  megacycles/second  (5.5  Gc)  in 
0-band  were  used.  These  frequencies  were  chosen  since  there 
exists  at  the  Long  Island  Graduate  Center  of  PIB  a  0-band 
equipment  installation  that  is  highly  flexible.  It  is  capable 
of  providing  varying  acounts  of  both  CW  and  pulse  power 
over  a  wide  frequency  range  for  a  variety  of  pulse  widths, 
repetition  rates  and  average  powers. 

It  was  decided  to  use  the  '’closed  waveguide  system" 
of  irradiating  eyeEr''slnce  this  would  provide  a  more  accurate 
determination  of  the  power  absorbed  by  the  eye  than  open 
systems.  Since  acute  exposures  were  desired,  transmitting 
The  microwave  power  directly  to  the  eyes  provided  maximum 
flexibility  and  experimental  confidence.  The  method 
includes  the  eye  as  part  of  a  microwave  "closed"  system 
with  a  source  at  one  end  of  a  waveguide  transmission 
line  and  the  eye  as  a  termination  at  the  other  end.  It 
allows  for  the  delivery  of  a  specific  amount  of  microwave 
power  to  the  termination  with  a  reasonable  certainty  that  it 
is  being  absorbed  by  the  eye.  This  permits  a  comparison  to 
be  made  of  the  amounts  of  power  at  different  frequencies 
required  to  nroduce  the  oataractogenic  effects  of  interest. 

(l)Russell  L,  Cai'penter,  "An  Experimental  Study  of  the 

Biological  Effects  of  Microwave  Radiation  in  Relation  to 
the  Eye",  Report  on  Contract  No,  AF41(657)-86  for  Rome 
Air  Development  Center,  Feb, 28,  1962,  RADO-TDR-62-131, 

TUFTS  UNIVERSITY,  Dept. of  Biology,  Medford,  Mass. 
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A  block  diagram  of  the  experimental  system  is  shown  below.  This  is 
followed  by  a  list  of  the  particular  items  of  equipnent  used;  a  discussion 
of  the  experimental  technique;  and,  finally,  a  step-by-step  outline  of  the 
experimental  procediire. 


List  of  Microwave  Equippient 
1.  Microwave  Source 


Signal  Generator  HP  Model  618B 
+Travellng  Wave  Tube  implifier 
Elmac  Model  EM~1015,  2-5  Watt  OW, 

4-8  Gc 

+Traveling  Wave  Tube  Amplifier 
Sperry  Model  STO  152,  2  KW  Peak, 

,002  Duty  Cycle,  5, 4-5. 9  Gc 

2.  Isolator  PRD  Model  1205 

3.  Variable  Attenuator  PXR  Model  151  A 

4.  Directional  Coupler  30DB  Sperry  Model  321 

5.  Waveguide  Gate  PIB 

6.  Directional  Coupler  30  DB  Sperry  Model  321 

7.  0-band  Slotted  Line  PIB 

8.  E-H  Tuner  PIB 

9.  Iris,  1/2  inch  Diameter  Aperture  PIB 

10.  Precision  Variable  Attenuator  PRD  170B 

11.  Thermistor  Mount  HP  Model  478A 
la  Power  Meter  HP  Model  431A 

13,  Probe  PRD  Model  250 

14,  Tuned  Amplifier  HP  Model  415A 

15,  Thermistor  Mount  HP  Model  478A 

16,  Power  Meter  HP  Model  431A 

17,  Frequency  Meter  Sperry  Model  705 

18,  Tuned  Amplifier  HP  Model  415A 

HPsHewlett-Packard  Co,,  1501  Page  Mill  Rd,  Palo  Alto,  Calif, 
FXRirPXR,  25-25  50th  St.,  Woodside  77,  N,Y, 

PRDrsPRD  Electronics,  Inc,, 202  Tillary  St,,  Brooklyn  1  NY 
Sperry=Sperry  Microwave  Electronics  Co, , Clearwater,  Fla, 
Bimac=:Eltel-McCullough,  Inc,,  San  Carlos,  Calif, 
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Description  of  Experimental  Technique 

A  detailed  step-by-step  outline  of  the  experiments 
procedure  is  given  later. 

First,  however,  a  brief  description  is  given  of  the  ex¬ 
perimental  techniq.ue  using  the  equipment  Illustrated  in  the 
block  diagram: 

To  the  end  of  the.  waveguide  system;  that  is,  to  the  out¬ 
put  flange  of  the  E-H  tuner,  is  fastened  an  iris  cover  p'',at8. 
The  latter  consists  of  a  thin  (.005  inch  thick)  metal  disk  in 
the  Center  of  which  is  located  a  l/2-inch-diameter  circular 
aperture.  The  E-H  tuner  is  adjusted  so  that  none  of  the  input 
power  is  reflected  back  toward  the  microwave  source.  With 
the  waveguide  gate  closed,  the  anesthetized  rabbit  is  posi¬ 
tioned  so  that  its  left  eye  protrudes  somewhat  through  the 
aperture  into  the  waveguide.  Ifhen  the  gate  is  opened,  the 
rabbit *s  eye  is  irradiated  with  microwave  energy.  By  a 
fairly  simple  method,  it  is  possible  to  measure  the  power 
actually  absorbed  by  the  rabbit's  eye.  The  frequency  and 
power  level  are  continuously  monitored  by  the  use  of  two 
directional  couplers  (items  4  and  6),  each  of  which  serves  to 
sample  about  l/lOOO  of  the  power  in  the  main  waveguide  line. 

The  iris  cover  plate  almost  completely  short-circuits 
the  wave-guide  transmission  line.  The  l/2-inch-diameter 
aperture  (area  0.196  in.’^  )  is  the  only  opening  at  the  end  of 
the  relatively  large  waveguide  (inner  dimensions  1.872  inches 
X  0.872  Inches;  area  1.63  in.).  Since  the  aperture  area  is 
only  12^  of  the  waveguide  cross-section,  it  is  reasonable  to 
suppose  that,  without  any  kind  of  matching  device,  only  a 
very  small  portion  of  the  microwave  energy  incident  on  the 
iris  plate  is  actually  transmitted  through  the  hole.  In  fact, 
at  5.5  Gc,  the  iris  produces  a  standing  wave  ratio  inside  the 
rectangular  waveguide  of  115,  which  Implies  that  only  3,4^ 
of  the  incident  power  vould  normally  be  radiated  out  of  the 
hole  into  the  air.  When  the  rabbit's  eye  is  present,  it  is 
believed  that  the  standing  wave  ratio  is  somewhat  lower, 
although  this  was  not  measured.  In  any  event,  the  use  of  an 
E-H  tuner  was  necessary,  in  ideal  E-H  tuner,  without  any 
losses  of  its  own,  is  capable  of  matching  the  iris  to  the 
waveguide  so  that  all  of  the  incident  power  is  transmitted 
out  of  the  hole  into  the  air,  or  into  the  rabbit's  eye.  In 
this  ideal  case,  to  determine  the  power  absorbed  by  the  eye, 
it  would  be  necessary  merely  to  determine  the  incident  power 
in  the  waveguide,  a  very  simple  measurement.  Actually,  the 
E-H  tuner  does  Indeed  have  substantial  losses  when  forced  to 
match  very  large  standing  wave  ratios;  in  fact,  the  insertion 
loss  of  the  E-H  tuner-iris  combination  was  measured  to  be 
3-3.5  db. 

Several  methods  are  available  to  determine  the  power 


absorbed  by  the  eye.  One  method  would  be  to  measure  the  in¬ 
cident  power  in  the  waveguide,  and  then  to  reduce  this  value 
by  the  insertion  loss  of  the  tuner-iris  combination.  The 
assumption  is  made  here  that  the  slight  retuning  of  the  E-H 
tuner  to  re-obtain  a  matched  condition  with  the  rabbit’s  eye 
present  does  not  change  the  previously  measured  insertion  loss, 
A  second  method,  the  one  actually  used,  consists  of  measuring 
the  power  transmitted  through  the  iris  into  a  terminating 
section  of  waveguide  (items  10  and  11),  and  assuming  that 
this  same  amount  of  power  is  absorbed  by  the  rabbit’s  eye 
when  the  E-H  tuner  is  reset  for  a  match  while  the  incident 
power  level  is  kept  the  same.  The  error  involved  here  was 
estimated  to  be  small,  and  was  tolerated  in  the  interests  of 
economy  and  expediency. 

Because  the  iris  plate  was  only  .005  inch  thick,  it  had 
a  tendency  to  bend  and  buckle.  To  prevent  this,  the  iris 
plate  was  placed  between  the  E-H  tuner  output  flange  and  a 
thick  cover  plate  with  a  much  larger  hole  cut  in  its  center. 

A  thin  piece  of  transparent  plastic  was  inserted  between  the 
two  cover  plates.  This  served  two  purposes:  it  prevented 
excessive  abrasion  of  the  cornea  of  the  eye  by  the  sharp  edge 
of  the  iris;  also  it  prevented  saline  solution,  freq.uently 
applied  to  the  exposed  eye  to  prevent  drying  of  the  cornea, 
from  leaking  into  the  waveguide  system. 

It  is  recognized  that  a  redesign  of  the  test  section  would 
be  quite  helpful  if  the  program  is  continued.  Por  example, 
one  simple  method  of  improving  the  test  section  would  be  to 
taper  down  both  waveguide  dimensions  so  that  the  iris  area 
becomes  a  substantially  larger  portion  of  the  waveguide  cross- 
section  than  it  is  at  present.  Calculations  were  made  indica¬ 
ting  that  an  optimum  taper  would  reduce  the  iris  standing 
wave  ratio  to  a  value  below  40,  This  would  reduce  the  inser¬ 
tion  loss  of  the  E-H  tuner  and  would  reduce  the  measurement 
error.  Additional  experiments  could  be  carried  out  to  test 
the  accuracy  of  the  method  described;  that  is,  to  test  whether 
the  same  amount  of  power  is  transmitted  to  the  eye  as  is 
transmitted  through  the  aperture  with  the  eye  absent.  These 
experiments  might  be  performed  using  an  electrical  model 
for  the  eje,  Perhaps  some  other  simple  method  to  Improve 
the  test  section  is  possible  that  is  not  apparent  at 
present,  For  this  reason,  consideration  should  be  given  to 
other  methods  of  matching  to  the  rabbit's  eye. 
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Experimental  Technique 


The  experimental  procedure  used  is  detailed  below  in 
step-by-step  fashion.  The  numbers  in  parentheses  refer  to 
corresponding  ones  on  the  block  diagram, 

(a)  The  G-band  microwave  source  (1)  was  adjusted  to 

a  frequency  of  about  5.5  Gc,  and  the  frequency  was  subsequently 
monitored  by  use  of  the  wavemeter(17) , 

(b)  The  precision  attenuator  (10)  was  set  for  an  atten¬ 
uation  of  30  db  so  that  the  power  entering  the  attenuator 
would  be,  conveniently,  exactly  1000  times  the  power  indicated 
by  the  power  meter  (12).  The  E-H  timer  (8)  was  then  adjusted 
until  a  maximum  amount  of  power  was  transmitted  through  the 
1/2  inch  iris  aperture  (9);  this  was  Indicated  by  a  maximum 
reading  on  the  power  meter  (12),  At  the  same  time,  this 
adjustment  succeeded  in  reducing  the  standing  wave  ratio 
observed  in  the  slotted  line  (7)  to  a  value  of  about  3  or  lower. 

(c)  The  E-H  tuner  (8)  was  slightly  readjusted  until 
the  standing  wave  ratio  was  near  unity  (1.0-1.08). 

(d)  The  variable  attenuator  (3)  was  set  so  that  the  power 
entering  the  precision  attenuator  was  equal  to  that  intended 
for  irradiating  the  rabbit's  eye, 

(e)  The  reading  on  the  other  power  meter  (16)  was  then 
observed  and  recorded  for  monitoring  purposes, 

(f)  The  attenuation  introduced  by  the  variable 
attenuator(3)  was  Increased  to  a  maximum;  the  precision 
attenuator  (10),  thermistor  mount  (11)  and  power  meter  (12) 
were  disconnected  from  the  remainder  of  the  equipment;  the 
anesthetized  rabbit  was  positioned  so  that  Its  left  eye  pro¬ 
truded  into  the  1/2  inch  diameter  iris  aperture  (9)  at  the 
end  of  the  waveguide  system;  finally,  the  power  level  was 
Increased  by  setting  the  variable  attenuator  (3)  until  there 
was  just  enough  power  in  the  slotted  line  (?)  to  give  a  con¬ 
venient  reading  on  the  probe  (13)  output  meter  (14). 

(g)  The  E-H  tuner  (3)  was  readjusted  until  a  match 
(1,0-1.08)  was  obtained  In  the  slotted  line  (7),  Small 
changes  in  the  position  of  the  animal's  eye  were  observed 
to  give  large  changes  in  the  standing  wave  ratio. 

(h)  The  variable  attenuator  was  reset  to  give  the 
original  reading  on  the  monitoring  power  me ter (16)  correspon¬ 
ding  to  the  desired  power  level  (see  step  (d)  ). 

(1)  For  the  duration  of  the  experiment,  the  frequency, 
power  level  and  standing  wave  ratio  were  monitored  using, 
respectively,  the  wavemeter  (17),  power  meter  (16)  and 
slotted  line(7). 
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IV 


MICROWAVE  CATARACTOGENESIS  IK  AWIMAIS 

Young  rabbits,  weighing  approximately  8  kilograms,  were 
anesthetized  by  means  of  intravenous  sodium  nembutal.  The 
left  eye  was  taped  open  and  the  animal  was  placed  in  a  holding 
box  with  its  head  protruding  over  a  v-shaped  cut-out.  The 
iris  termination  of  the  C-band  waveguide  was  covered  with  a 
3  mil  sheet  of  flexible,  transparent  polyethylene  plastic. 

The  rabbit's  eye  was  centered  in  contact  with  the  plastic 
covered  iris  termination  plate.  The  cornea  of  the  exposed 
eye  could  be  protected  from  drying  by  applying  a  slow  drip 
of  saline  solution  onto  its  surface  while  the  protective 
covering  of  plastic  prevented  any  of  this  solution  from  enter¬ 
ing  the  waveguide.  When  the  eye  was  properly  positioned,  the 
microwave  irradiation  was  Initiated, 

Following  irradiation,  both  the  control  right  eye  and 
exposed  left  eye  were  examined  ophthalmologically  and  the 
lenses  were  photographed  with  the  Zeiss  Retinal  Camera, 

The  purpose  of  these  preliminary  experiments  was  to 
develop  a  sound  investigative  methodology.  It  was  not  to 
obtain  definitive  data;  which,  by  necessity,  would  require 
a  large  scale  program.  Therefore  the  objective  was  to 
produce  cataracts  by  exposure  to  preclse.ly  defined  fields 
of  microwave  radiation  in  order  to  determine  the  applicability 
of  our  methods  for  biologically  assaying  the  cataractogenlc 
effects. 

For  this  reason,  it  was  decided  that  exposure  levels 
should  be  sufficiently  intense  to  produce  immediately  dis¬ 
cernible  lens  injury  after  a  period  of  radiation  lasting  less 
than  one  hour.  The  cataractogenesls  produced  in  this  manner 
would  be  greater  than  threshold. 

Exploratory  exposures  at  average  power  levels  below  100 
mw/cm*(both  pulsed  at  5515  MC  and  cw  at  5512  MC)  for  fiO 
minutes  did  not  produce  acute  Injury  of  the  lens.  In  order 
to  Insure  the  occurrence  of  cataractogenesls  and  to  test  the 
flexibility  of  the  exposure  apparatus,  average  power  levels 
of  at  least  500  milliwatts  wera  generated  under  the  following 
conditions : 


II 


G-band 

Average  Peak  Average 

Peak 

Exposure  Modulation 

Frequency 

Power 

Power  Power 

Density 

Power 

Density 

Time  Envelope 

MO/sec 

mw 

watts  rm/cva 

w/  cm^ 

minutes 

5512 

1000 

1.0  ?90 

0.79 

15  cw 

5512 

500 

0.5  390 

0,39 

37  cw 

5442 

.500 

500.  390 

390, 

34 

5442 

730 

730.  580 

580. 

15  ,/ 

•/  200  pps. 

.001 

duty  cycle,  5  jasec  pulse  length 

These  exposures  resulted  In  acute  xens  changes  -yrhlch 
progressed  to  cataract  formation  and  demonstrated  the  feasi¬ 
bility  of  this  exposure  technique.  The  results  for  cv  and 
pulsed  exposures  at  the  same  power  density  (390  mw/em^ ) 
for  approximately  the  same  time  appeared  to  be  similar.  At 
higher  power  densities,  the  results  were  more  marked. 

The  experience  gained  froia  these  preliminary  experiments 
indicates  not  only  that  various  microwave  emission  factors 
can  be  segregated  and  controlled  but  also  that  exact  time~ 
power  relationships  for  cataractogenesls  can  be  determined 
by  biological  assay. 
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V 


MICROWAVE  CATARACTOGENESIS  IN  MAN 

Ophthalmologically  doctimented  data  has  been  accumulated 
concerning  three  unusual  cases  of  cataracts  which  have  devel¬ 
oped  in  personnel  working  in  microwave  environments.  These 
three  men  have  been  examined  during  different  stages  of  the 
disease  process  and  the  information  obtained  from  these  exami¬ 
nations  permits  some  understanding  of  microwave  cataractogenesls 
in  man. 

There  is  a  common  history  of  repeated  intimate  exposures 
to  high  power  densities  of  microwave  radiation.  This  was 
not  due  to  some  spurious  exposure  from  antenna  reflections 
nor  leaking  waveguide  Instead,  the  exposures  were  due 

to  looking  directly  into  end  windows  of  generating  tubes 
or  into  small  windows  cut  into  waveguides.  In  all  three 
cases,  the  eye  was  brought  close  to  the  source  of  radiation 
arxd  the  r-f  fields  were  considerably  greater  than  10  mw/cm^*, 

As  all  of  these  cases  were  discovered  after  a  time  lapse  and 
as  all  of  the  men  worked  with  a  variety  of  equipment,  it  is 
not  possible  to  recreate  the  exact  exposures  that  any  of  them 
received.  However,  it  has  been  estimated,  retrospectively, 
that  exposures  probably  ranged  from  350  mw/cm^to  several 
watts/cm^.  The  time  duration  of  each  exposure  was  estimated 
as  several  minutes  and  such  exposures  were  repeated  from  many 
times  daily  tc  several  times  a  week  during  a  period  of  weeks 
to  months.  Typically,  the  visual  sighting  was  performed  with 
the  right  eye  and  shortly  afterwards,  each  man  noticed  that 
his  visual  acuity  of  this  eye  was  falling.  One  of  the  men 
suffered  a  rapid  loss  of  vision  and  was  removed  from  his 
environment  for  medical  evaluation  because  he  had  developed 
a  rapidly  progressing  cataract  and  so  the  vision  in  his  left 
eye  was  spared.  The  visual  loss  in  the  other  two  men  was 
slow,  taking  many  months  before  being  established, and  by  the 
time  each  was  first  examined,  he  had  begun  to  use  the  left 
eye  for  his  work  be  .ause  the  visual  acuity  was  better  for  this 
eye. 


Of  the  five  lenses  so  exposed,  all  five  have  developed 
cataracts.  The  sixth  eye,  which  was  relatively  minimally 
exposed,  has  a  minor  defect  in  the  posterior  capsule  (a  thick¬ 
ening  and  opacification  of  a  small  area,  approximately  1 
alllimeter  in  diameter)  which  is  commensurate  with  the  earliest 
changes  noted  in  the  human  eye  exposed  to  microwave  radiation. 

The  ensuing  photographs  are  taken  from  these  cases  and 
lave  bf^en  arranged  to  depict  the  sequence  of  cataractogenesls. 


13 


Figure  1 


Figure  1  is  a  photograph  of  a  normal  lens  to  Illustrate 
landmarks.  The  brush- like  appearance  at  the  top  is  due  to 
the  eyelashes  of  the  upper  eyelid.  The  bright  white  object 
in  the  center  of  the  eyelashes  is  the  reflection  of  the 
camera  flash  lamp  from  the  anterior  surface  of  the  lens  within 
the  eye.  Immediately  below  this,  careful  examination  reveals 
the  reflection  of  the  camera  flash  lamp  from  the  posterior 
surface  of  the  lens.  On  one  lateral  edge  of  the  photograph, 
a  small  portion  of  the  iris  can  be  recognized  with  its  cir-' 
curallnear  pupillary  margin.  The  main  bulk  of  the  photograph 
is  the  transparent  ocular  lens  which  appears  to  be  black  be¬ 
cause  it  is  optically  empty  and  we  are  visualizing  the  dark¬ 
ness  of  the  interior  of  the  eye  through  the  lens. 


Figure  2 


Figure  2  is  a  photograph  demonstrating  early  opacifi¬ 
cation  of  the  posterior  capsule  of  the  lens  vhicb  can  he 
recognised  between  the  flash  lamp  reflexes.  The  lens  substance 
itself  is  completely  transparent  and  the  opaqueness  that  is 
visible  in  the  photograph  is  due  to  the  opacification  present 
entirely  within  the  posterior  capsule.  Notice  that  the 
reflection  of  the  flash  lamp  from  the  posterior  surface  of 
the  lens  has  become  intensified  and  yet  it  has  lost  its 
sharpness  and  appears  out  of  foput. 
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Figure  5 


Figure  3  is  a  photograph  demons trr ting  furthei*  opacifi¬ 
cation  of  the  posterior  capsule.  The  opacification  is  irreg¬ 
ular  and  in  some  areas  it  has  a  lacey  pattern  while  in  other 
areas  it  has  a  honey  comb  appearance.  The  reflection  of  the 
flash  lamp  from  the  posterior  surface  of  the  lens  can  no 
longer  be  recognized.  The  entire  lens  substance  is  still 
transparent. 


Figure  4 


Figure  4  Is  a  photograph  demonstrating  further  opaci¬ 
fication  of  the  posterior  capsule,  concentric  rings  of  opaci¬ 
fication  in  the  region  of  Eggert's  line  on  the  posterior 
capsule  and  extension  of  opacification  to  the  equator  of  the 
lens.  Even  at  this  late  stage  of  extension,  the  lens  sub¬ 
stance  is  still  transparent.  Shortly  after  this  stage  is 
reached,  the  lens  substance  becomes  edematous  and  cataracto- 
genesis  proceeds  rapidly. 
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Figure  5 


Figure  5  is  a  photograph  demonstrating  an  advanced  stage 
of  cataract  formation,  Although  the  entire  lens  substance 
is  opaque,  the  heterogeneous  nature  of  the  opacification  can 
be  recognized,  and  it  indicates  that  both  intumescence  and 
hypermaturity  are  present.  The  capsular  opacification  has 
extended  to  Invlove  the  anterior  capsule  but  this  finding  is 
obscured. 
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DISCUSSION 

Insofar  as  microwave  cataractogenesls  In  man  is 
concerned,  a  crude  relationship  can  be  established  be¬ 
tween  the  dose  of  microwave  radiation  delivered  to  the 
eye  and  the  time  of  occurrence  of  cataract  formation. 

Where  the  lens  was  believed  to  be  exposed  repeatedly  to 
5  watts/cm^  energy  density,  the  cataract  was  fully 
formed  within  two  months.  Where  the  lens  was  believed 
to  be  exposed  repeatedly  to  500  mw/cm^,  many  months 
passed  before  the  posterior  capsular  opacification  appear¬ 
ed  and  many  years  passed  before  the  cataract  was  fully 
formed.  Needless  to  say,  these  estimates  are  based  upon 
state-of-the-art  approximations . 

In  addition  to  the  cases  mentioned  above,  several 
other  microwave  workers  who  have  had  known  exposures  to 
greater  than  10  mw/cm^are  under  observation.  None  is 
believed  to  have  been  exposed  to  energy  densities  greater 
than  500  mw/cm^ .  Although  it  is  premature  to  report 
fully  on  this  group,  a  small  number  of  them  exhibit 
early  stages  of  thickening  and  opacification  of  the  pos¬ 
terior  capsule.  Hone  has  yet  lost  any  visual  capability. 
However,  due  to  the  long  periods  of  latency  and  slow 
progress  of  the  pathology,  ix  will  be  several  years  before 
a  final  determination  of  their  cases  can  be  ascertained. 

Insofar  as  microwave  cataractogenesls  in  the  labora¬ 
tory  animal  is  concerned,  all  of  the  exposures  reported 
here  as  well  as  practically  all  experiments  reported 
in  the  literature  have  been  on  the  basis  of  acute  ex¬ 
posures,  Even  where  exposures  were  performed  in  a  re¬ 
peated  fashion  with  an  interval  of  days  separating 
succeeding  exposures,  this  cannot  be  construed  as  other 
than  a  subacute  exposure  experiment.  No  experiment  has 
Involved  chronic  exposures.  In  addition,  the  vast 
majority  of  previous  biological  studies  have  suspect 
physical  parameters  due  to  the  technical  difficulties 
encountered  when  measuring  a  field  of  microwave  energy. 
Moreover,  all  previous  experiments  were  severely  handi¬ 
capped  by  the  limitation  of  the  microwave  facility  avail¬ 
able  to  the  Investigator* 

Mention  has  been  made  of  the  need  to  investigate 
the  methodology  of  exposure  in  order  to  determine  the 
differences  Inherent  between  acute,  subacute  or  chronic 
application  of  the  energy.  It  must  be  recognized  that 
cataractogenesls  also  can  follow  an  acute,  subacute  or 
chronic  course. 
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VII 


CONCLUSIONS 

The  parameter  of  personnel  hazard  associated  with 
microwave  environments  is  not  fully  delineated  and  the 
currently  accepted  permissihle  level  of  10  mw/cm^  energy 
density  does  not  properly  account  for  the  many  variables. 
Instead,  it  imposes  restrictions  uniformly  for  all  micro- 
wave  environments  based  upon  an  average  power  density 
without  definition  of  time  duration  (although  one  may 
assume  the  Intent  of  a  40  hour  week). 

At  the  time  that  this  permissible  level  of  exposure 
was  adopted,  it  was  less  than  any  known  harmful  biological 
effect  by  at  least  an  order  of  magnitude.  In  retrospect, 
that  choice  has  proven  to  be  a  judicious  state-of-the- 
art  Judgment  for  that  point  in  time.  However,  it  is 
evident  that,  today,  a  more  sophisticated  approach  to 
defining  the  hazard  can  be  employed.  Under  certain 
circumstances,  it  may  become  necessary  to  restrict  the 
permissible  level  further;  but,  for  most  operational 
situations,  it  appears  likely  that  the  present  restrictions 
are  excessive. 

The  only  manner  in  which  the  myriad  of  problems  can 
be  solved  is  to  adopt  a  research  program  that  will  be 
meaningful  not  only  Insofar  as  controlled  microwave 
radiation  factors  are  concerned  but  also  when  the  re¬ 
sults  of  the  investigations  are  related  to  man. 

The  project  reported  herein  demonstrates  the  feasi¬ 
bility  of  performing  such  an  applied  research  task. 


20 


Unclaasif ied _ 

Security  Classification 


DOCUMENT  CONTROL  DATA  -  R&D  I 

(Security  ot  rif/e  body  oi  abMttmet  Mnd  ^ndvMing  snnotation  mu»t  (/•  •nf«r*(f  (/>•  oy»rmlt  /eporf  cluagttivd)  | 

<  ORICINATINC  ACTIVI-'Y  nulhoO 

The  Zaret  Foundation,  Inc. 

Scaradale,  New  York 

2a  REPORT  SECURlT'^  C  L  ASi*l  FiC  A  TION 

UKCl.A5blFIbD 

2b  CROUP 

3  REPORT  TITLE 

An  bxpe r imentai  btudy  of  the  Cataractogenic  Effects  of  Microwave  Radiation 

4  OESCi^lP'^- VE  NO^ES  (Typm  ot  report  »nd  fnc/uilve 

Final  8  May  1963  -  7  May  1964 

S  AUTHORfS^  fLaat  n«mc.  (Intnamm,  Initial) 

Zaret,  Milton  M.,  M.U. 

6  REPORT  DATE 

8  June  1964 

7o  TOTAL  NO  OF  PACES  7b  NO  OF  REFS 

20  2 

S«  RACT  OR  GRANT  NO 

AF30C6Q2)-3087 

fc  PROJECT  NO 

5545 

c 

Task  No.  554502 

i 

Sa  ORiOiNATOR’S  REPORT  NUMBE5VS^ 

None 

3b  other  REPORT  nO^’S'^  (Any  othat nwnbata  that  may  ba  aaai^iad 

thla  eapott) 

lauc  run  64-273 

!?  AVAU.ABH.ITY  LIMITATION  NOTICES 

l^uaiifiod  requestors  may  obtain  copies  of  this  report  from  DDC. 

Release  to  Ofb  is  authorized. 

M  SUPPLEMENTARY  NOTES 

12  SPONSORING  MILITARY  ACTIVITY 

Home  Air  Development  Center 

Griffiss  AFD  KY 

13  ABSTRACT 


An  exploratory  investigation  was  performed  to  determine 
the  applicability  of  spectrophotometric  analysis  to  the 
measurement  of  cataractogenesis.  It  was  found  that  standard 
spectrophotometric  technit|ues  cannot  be  utili3;ed  for  this 
purpose  but  that  a  new  method  for  performing  spectrophotometry 
in  the  living  eye,  which  is  known  as  retinal  reflection  densitometry, 
shows  promise  of  being  capable  of  performing  this  task. 

A  methodology  is  presented  for  an  applied  research 
investigation  of  catarac togencs is  in  order  to  delineate 
the  parameters  of  personnel  hazard  associated  with  micro¬ 
wave  environments.  The  biological  and  microwave  experi¬ 
mental  protocols  as  well  as  the  relationship  of  laboratory 
induced  cataractogenesis  to  the  clinical  study  of  human 
microwave  cataracts  are  discussed. 


Di)  1473 


Unclassified _ 

Security  Classification 


Unclassified 


Security  ^I'^ssiticntion 


KEY  WOAOS 


Radiobiology 

Radiation  Hazards  -  Klectroniagnetic 
Radiation  Tolerance-  “ 

Health  Physics 

Radiation  Effects-  Electromagnetic 


INSTRUCTIONS 


1.  ORIGINATING  ACTIVITY'  Enter  the  name  and  address 
of  the  contractor,  subcontractor.  it>^antee,  Department  of  De¬ 
fense  activity  or  other  organization  (corporate  author)  issuing 
the  repo't. 

2a.  REPORT  SECUiaTY  CLASSIFICATION:  Enter  the  over¬ 
all  security  classification  of  the  report*  Indicate  whether 
‘^Restricted  Data**  Is  included.  Marking  is  to  be  in  accord¬ 
ance  with  appropriate  security  regulations^ 

2b.  vuROUP:  Automatic  down^ading  is  specified  in  DoD  Di¬ 
rective  S200. 10  and  Armed  Fnr^es  Industrial  Manual.  Enter 
the  group  nvmbcr  Also.  J/hea  applicable,  show  that  optional 
markings  have  leet.  used  for  Group  3  and  Group  4  as  author¬ 
ized 

3.  REPORT  TITLE.  Enter  t;.e  complete  report  title  in  all 
capital  letters.  Titles  in  all  cases  should  be  unclassified. 

If  a  meaningful  title  cannot  be  selected  without  classifica¬ 
tion.  show  title  classification  in  all  capitals  in  parenthesis 
immediately  following  the  title. 

4.  DESCRIPTIVE  NOTES  If  appropriate,  enter  the  type  of 

report,  e.g..  interim,  progress,  summary,  annual,  or  tinal.  , 

Give  the  m<*usivc  dates  when  a  specific  reporting  period  is 
ecrvere*!. 

AUTHORfSji:  Enter  the  name(s)  of  author(s)  as  shown  on 
nr  in  the  report.  Entei  last  name,  first  name,  middle  initial. 

If  miluary,  show  rank  and  branch  of  service.  The  name  of 
the  principal  .i  <*hor  is  an  absolute  minimum  requirement 

6.  REPORT  DATr«  Enter  the  date  of  the  report  as  day, 
month,  year,  or  month,  year.  If  more  then  o.ie  date  appears 
'^n  the  report,  use  date  of  publmation. 

7a  l^TAL  NUMBER  OF  PAGF.S.  The  total  page  count 
should  f'lU.'W  nom.al  pugination  procedures,  t.e.,  enter  the 
nurrher  of  pages  containing  infc-rm.-itica 

7h.  NUMBER  OF  REFERENCES:  Fmcr  the  total  number  of 
references  cited  in  the  rep'orl. 

8a.  CONTRACT  OR  GRANT  NUMBER;  If  appropriate,  enter 
the  applicable  number  of  the  contract  or  grant  under  which 
the  report  was  written. 

8h,  fck,  &  8d.  PROJECT  NUMBER:  Enter  the  appropriate 
n  ilitary  deportment  identtfic.'itton,  such  au  project  number, 
subproject  number,  oyster  .numbers,  task  number,  etc. 

Va  ORIGINATOR'S  REPORT  NUMBER(S>:  Enter  the  offi¬ 
cial  rep  *rl  number  b>  which  the  document  will  be  identified 
and  <  or.trolled  by  the  originating  activity.  This  number  must 
be  *««uquc  to  this  rep»>r!, 

96  OTHfc^R  REPORT  NUM8ER(S»-  li  the  has  been 

ossigncd  anv  other  repc/t  numbers  ‘cither  by  the  ongttator 
or  hy  thr  sponK  ir).  also  .'nlcr  this  Humberts/. 

10.  AVAILABILITY  LIMITATION  NOTICES:  Enter  any  I tm- 
«tation*i  on  further  d.ssemination  of  the  report,  other  than  those 


imposed  by  securit>  classifu-atian.  u-=;ing  standard  slater.en* 
such  as: 

(1)  '‘Qualified  requesters  may  obtain  copies  ■•♦f  this 
report  from  DDC.*' 

(2>  "Foreign  announcement  and  dissemination  of  this 
report  by  DDC  is  not  auth-rized.  *’ 

(3)  **U  S  Governfrent  apeP  ie*.  "'ay  obtain  copies  uf 

this  report  directly  from  DDC.  Other  qualified  DDC 
users  shall  request  through 


(4)  **U.  S.  nuhtary  agencies  may  obtain  copies  of  thi*^ 

report  direcMy  from  DDC.  Other  qualified  uwers 
shall  request  through 


{$)  "All  distribution  of  this  report  ts  controlleil  Qunl* 
liitd  DDC  user*  shall  requen*  ihr 


If  the  report  has  been  forrushe  i  t  th.  GlU' e  I  L*.  h 
Services,  Department  ■  f  C./mrrer».e,  I  x  sale  t.  thi  puUx. .  * 

cate  this  fact  and  enter  the  price,  if  kn-  *n. 

IL  SUPPLEMENTARY  NOTES  Use  f- r  additional  explana 
tory  notes. 

12.  SPONSORING  MILITARY  ACTIVITY  Lnur  t^e  nam^  ,'f 
the  depHrimenlal  project  Affi  e  ir  Ijl.  rat  -r^  spons.  fi  p  r  n' 
ing  hr)  the  re.search  and  dcvcls^pment.  Include  addrv-ss. 

M  ABSTRACT  Enter  an  abstract  yium^  a  hr-t  f  .*nl  factual 
summary  **f  the  document  indicative  of  the  rep  rt  even  though 
It  may  aK.»  appear  etsewherc  ir  the  h.idv  of  the  technical  re 
port  If  additional  space  is  reqiired,  a  coolinuati  tn  sheet 
be  attached 

It  IS  highly  desirable  th-it  the  uh  trae  i  i.f  .  tasmfi'.l  rep.«r 
be  unclassified  Ea-  h  paragraph  oi  ihe  abstra.  1  shall  end  wit 
an  indication  of  the  ir  liiary  secur.ty  classification  ihe  in 
fo*tnaUon  in  the  paraj raph  represented  as  rrs I  rs-  tc>  >  rtl 

ITirrc-  IS  no  hmitati-in  mh  the  lenpth  of  the  tibstract  How 
ever  the  .ggestr  d  length  i  fr  .m  1  Su  t-t  22S  w'^rds 

14  WORDS:  Key  words  ore  ttuhnicaliy  meaningful  tern 

or  short  phrases  that  characterize  a  rep.iri  and  may  be  used  •« 
index  entries  for  cataloging  the  report  Kev  v  -rds  munt  be 
selertrd  so  that  n>>  so^.uritv  .  lassifr  aii  m  i  foq  jih-.l  Iden 
tiers,  such  as  equipment  m  del  ti  ignau  n  trade  run t-  rr.i  c 
project  code  nano.  ge. -graphic  hj.ali-  n.  may  }*'  u‘Ud  as  key 
wvrds  but  will  bo  followed  by  an  indn  atn-n  «f  ia.  hni'  al  c*.-n 
text.  The  ossignmcrn  r.|  hnk  .  rule-,  art  m  i*.  pficnel 


Unci gsaif ied _ 

Security  Classification 


